th birthday.
Santalum insulare Bertero ex A. DC. (Santalaceae) is a small tree endemic to Eastern Polynesia. It belongs to a well-known genus, several species of which yield sandalwood, characterized by the fragrant smell of its heartwood. Taxonomists recognize today 16 species in this genus, scattered in the Indo-Pacific region [1] . Until now, biochemical studies on Santalum mainly focused on the composition of the heartwood essential oil or concrete [2] [3] [4] , and to a lesser and more recent extent on the seed oil [5, 6] . While Polynesian sandalwood (S. insulare) has been divided into nine botanical varieties restricted to 12 islands of French Polynesia, Cook Islands and Pitcairn Islands [7] , we have recently characterized a new chemotype of sandal heartwood during our investigation of the main volatile constituents of Polynesian sandalwood concrete [8] . In continuation of our study of the chemical variability of S. insulare, we focused on the flavonoids found in sandalwood leaves, the sampling of which is easier and less destructive than that of the heartwood. Flavonoid derivatives have only been identified in one species of Santalaceae, Thesium divaricatum; three flavonol glycosides, isorhamnetol-3-O-galactoside, isorhamnetol-3-O-galactorhamnoside, and isorhamnetol-3-O-galactosidorhamnosidoglucoside were reported [9] . However, we recently NPC Natural Product Communications showed the occurrence of C-glycosylflavones in S. insulare var. raiateense from Moorea island [10] and in this present paper we report the O-and C-glycosylflavone leaf contents, expressed as relative percentages, of six S. insulare (Santalaceae) varieties from Southeastern Polynesia. 
Among the nine botanical varieties described for S. insulare we investigated six of them, namely raivavense and margaretae from Austral archipelago, marchionense from Marquesas archipelago, and raiateense, alticola and insulare from Society archipelago. We consider the variety deckeri as indistinguishable from var. marchionense and put both in synonymy under the latter name. Samples of the last two varieties were not sufficiently numerous to be included in this study. Two 7-Oneohesperidosyl flavones and five C-glycosyl flavones were identified in the leaves. These compounds are derivatives of the two widespread aglycons, apigenin and luteolin. The structures and names of these compounds are given in Table 1 .
As shown in Table 2 , the range in the contents of some compounds is great, associated with a very large standard deviation. This is the case with the most representative components, such as luteolin
(37.2±15.7%), and luteolin-6,8-di-C-β-D-glucopyranoside (lucenin-2) 7 (8.8±7.7%). Multivariate statistical analysis was undertaken for variety differentiation. The data set was composed of the 108 leaf extract samples and the seven flavonoids. The correlation matrix reveals positive correlation coefficients between vicenin-2 and lucenin-2 (0.78), vitexin and isovitexin (0.89), and a negative correlation coefficient between vicenin-2 and isovitexin (-0.73). A graphic representation of the projection of variables and samples on the two first principal components is given in Figure 1 , using principal component analysis (PCA).
Axis 1, which represents 57% of the total information, is positively loaded with the two di-C-glycosylflavones 6 and 7 (0.46 and 0.43, respectively), and negatively loaded with the C-glycosyl flavones 3-5 (-0.44, -0.38 and -0.41, respectively). Axis 2 (22% of the total information) separates the two O-neohesperidosyl flavones 1 and 2, positively loaded (0.69 and 0.65, respectively), from the C-glycosyl flavones 3-7, which are slightly negatively loaded, as shown in Figure 1 . Differentiation of some S. insulare varieties is shown on axis 1. Raiateense, raivavense and margaretae varieties, which are characterized by higher contents of lucenin-2 (mean values of 18.6, 12.4 and 15.8%, respectively) and vicenin-2 (means of 55.8, 56.2 and 53.7%, respectively) are well separated from marchionense and alticola varieties, which are richer in mono C-glycosyl flavones, as shown by their range in Table 3 . Marchionense and alticola varieties contain high amounts of isovitexin (mean of 12.5 and 7.6%, respectively) and isoorientin (mean of 39.6 and 40.5%, respectively). S. insulare var. insulare is characterized by a large range of these C-flavonoids and in some cases higher amounts of luteolin-7-Oneohesperidoside. As shown in Figure 1 , raiateense, alticola, and insulare varieties from the Society archipelago have quite different flavonoid compositions. On the other hand, the compositions of the varieties from Austral and Marquesas archipelagoes are distinct and very congruent with their geographical distribution.
These results confirm that flavonoids and in particular C-flavonoid glycosides can be used as chemotaxonomic markers. The present study on S. insulare suggests that further studies on leafflavonoids of other Santalum species and varieties should be undertaken to provide evidence for correlations between the geographical origin and flavonoid pattern. 
Experimental

Plant material: Leaves of various
Society archipelago
Austral archipelago Marquesas archipelago using a blender, extracted with MeOH (48 h), concentrated in vacuo, and the remaining extract was purified using CHCl 3 and n-BuOH. Compounds 1-7 were isolated using HPLC equipped with a semipreparative reversed-phase HPLC C 18 column (Spherisorb, 5 µm, ODS2, 250x20 mm) and identified, as previously described [10] , in agreement with literature data [11] . For flavonoid quantitation, dried powdered leaves (100 mg) were extracted with MeOH (5 mL) for 24 h. The centrifugated MeOH extract (1 mL), diluted with H 2 O (1mL), was eluted with MeOH/H 2 O, 1/1 (5 mL) from a C 18 Sep-Pak cartridge to obtain a 10 mL volume. Quantitation of separated flavonoids (expressed as a relative percentage of total flavonoids) was achieved by reversed-phase HPLC using an UV DAD detector (20µL, Lichrospher, 5µm, C 18 , 250x4mm, flow rate 0.7 mL/min, MeOH/H 2 O, 5/95→50: 50 in 60 min; flavonoid detection UV at 350 nm). The 7 purified fractions of each flavonoid identified from the 1 H NMR spectra were used to identify the chromatographic peaks.
Multivariate statistical analyses:
Principal Component Analysis (PCA) was performed using the data set (composed of 108 samples and 7 variables) transformed into centered and reduced variables (standardized PCA). Data were processed with Addinsoft XLSTAT program, version 7.5.
